To a solution of 3-cyanopyridine 1-oxide (7.50 g, 62.4 mmol) in water (100 mL) was added hydroxylamine hydrochloride (5.21 g, 74.9 mmol), NaHCO 3 (6.94 g, 74.9 mmol) was then added portionwise over 2 minutes. The reaction mixture was stirred at room temperature for 18 hours. The precipitate was filtered, washed with water and dried under vacuum to afford the title compound (8.66 g, 91% yield) as a beige solid. Analytical data was consistent with literature values. 1 
(Z)-Pyridine-3-amidoxime-1-oxide 4 (100 mg, 0.65 mmol) was partially dissolved in anhydrous DMF (6 mL) with a large stirrer bar (slurry forms after sodium hydride addition) and the solution was cooled to 0 °C under an N 2 atmosphere for 15 minutes. Some precipitate was still seen. Sodium hydride (60% wt, 34 mg, 0.85 mmol) was added with gas evolution seen. The flask was sealed and vented to a balloon. A yellow slurry was seen after 15 minutes and after further 15 minutes no further evolution of gas. Vigorous stirring was required to keep the slurry moving. After the 30 minutes (R)-oxiran-2-ylmethyl 3-nitrobenzenesulfonate (ee >97.5%) (178 mg, 0.69 mmol) was dissolved in anhydrous DMF (0.5 mL) and added dropwise to the stirring cooled solution. The flask was allowed to warm to room temperature and after 2 hours the dark brown solution showed no starting material by LCMS or TLC (20% MeOH in EtOAc). To the reaction piperidine (0.07 mL, 0.85 mmol) was added and the reaction was heated to 80 °C for 4 hours followed by stirring at room temperature for 18 hours. The reaction solvent was removed in vacuo and the residue was triturated with chloroform (30 mL) using sonication and then filtered. The solid, by-product sodium 3-nitrobenzenesulfonic acid, was washed with chloroform (2 x 25 mL) and the combined organic solvent was removed in vacuo to give a brown oil. 1 H NMR of the crude showed minimal impurities of starting material or intermediates with some DMF still seen as well. 
MST4
Reaction was repeated as with 12 however (Z)-pyridine-3-amidoxime was used as the amidoxime starting material yielding the title compound (172 mg, 85% yield) as pale brown gel. 
(R,Z)-3-(N'-(2-hydroxy-3-(piperidin-1-yl)propoxy)carboximidoyl chloride)pyridine-1-oxide 1 -(R)-(+)-Arimoclomol -2
A solution of (R,Z)-3-(N'-(2-hydroxy-3-(piperidin-1-yl)propoxy)carbamimidoyl)pyridine-1-oxide 12 (205 mg, 0.70 mmol) in conc. hydrochloric acid (1.1 mL, 13.9 mmol) and water (3 mL) was cooled to -5 °C for 15 minutes. Sodium nitrite (63 mg, 0.91 mmol) in water (0.5 mL) was then added dropwise to the reaction mixture and the reaction was stirred at -5 °C for 2.5 hours. The reaction mixture was made alkaline with NaOH (7 M, 3 mL). An additional 10 mL of water was added followed by DCM (30 mL) containing EtOAc (5 mL) and the organics were dried over MgSO 4 , filtered and concentrated in vacuo. 
Reaction was repeated as with 2 however (R,Z)-3-(N'-(2-hydroxy-3-(piperidin-1-yl)propoxy)carbamimidoyl) pyridine S1 was used as the starting material yielding the title compound (172 mg, 85% yield) as pale brown gel. 
(R)-Diphenylmethanone O-oxiran-2-ylmethyl oxime 4 -14
Benzophenoxime (1.20 g, 6.08 mmol) (previously recrystallized from MeOH, 4 mL/g, and used immediately after drying in vacuo) was dissolved in DMF (18 mL) and the solution was cooled to 0 °C with an ice bath and under an N 2 atmosphere. Sodium hydride (60% wt., 290 mg, 7.30 mmol) was added portionwise over 2 minutes with significant gas evolution seen. The flask was sealed and vented to a balloon. The solution was stirred for 30 minutes still on ice where it was noticed that it turned from yellow to a dark reddish orange. After 30 minutes (R)-oxiran-2-ylmethyl 3-nitrobenzenesulfonate (ee >97.5%) (1.66 g, 6.39 mmol) was dissolved in DMF (2 mL) and added dropwise to the stirring cooled solution. The flask was allowed to warm to room temperature and after 2 hours the pale brown solution showed no SM by LCMS or TLC (9:1 CyHex:EtOAc). The reaction was quenched by slow addition of water until gas evolution ceased. The reaction was then partitioned between water (50 mL) and ethyl acetate (120 mL). The organics were separated and washed with 5% LiCl solution (40 mL), brine (2 x 50 mL), dried over MgSO 4 , filtered and silica added to the crude organics for FCC and then the solvent was removed in vacuo. The product was purified by FCC on Biotage Isolera using Biotage SNAP 50 g Si cartridge eluting with gradient elution 1-15% CyHex-EtOAc affording the title compound (1.39 g, 90% yield) as a colourless oil. Analytical data was consistent with literature values. Enantiomeric ratio and optical rotation were not determined as absolute configuration and enantiomeric ratio were determined in the ultimate product of this building block 2·citrate or 1·maleate. 1 oil subjected to multiple additions of methanol followed by removal in vacuo to give a thick pale brown oil. Over 24 hours, under high vacuum, the thick pale brown oil crystallised to give the title compound (1.85 g, quantitative yield) as a cream solid and was used without further purification as analytical data was consistent with literature values. Enantiomeric ratio and optical rotation were not determined as absolute configuration and enantiomeric ratio were determined in the ultimate product of this building block 2·citrate or 1·maleate. 1 133.2, 129.4, 129.4, 129.0, 128.3, 128.1, 128.1, 65.9, 61.3, 54.8, 26.2, 24.3 .
oxime 15 (1.84 g, 5.45 mmol) was suspended in hydrochloric acid (6 M, 20 mL, 120 mmol) and heated to 95 °C for 18 hours. After 10 minutes of heating the suspension dissolved and droplets of pale yellow oil were noticed. After 18 hours LCMS indicated no remaining starting. The reaction mixture was diluted with water (2 mL) and cooled to room temperature and Et 2 O was added (50 mL) and the organics were separated. The aqueous layer was washed with Et 2 O (2 x 30 mL) and then separated. The aqueous layer was dried in vacuo until a white foam solid was seen. Repeated addition of methanol followed by toluene was carried out to dry the sample. After 6 hours under vacuum on a Büchi at 50 °C a white sticky solid (~1.3 g) was produced. This solid was seen to be highly hygroscopic, becoming a white gel within one hour. The gel was dissolved in MeOH (30 mL) and to this Amberlyst A21 was added (5 mmol/g N loading) (12 g, 60 mmol) The beads were pre-soaked with 50 mL MeOH for 20 minutes and then filtered, washed with a further 2 x 50 mL MeOH followed by 20 mL Et 2 O and dried at room temperature for 15 minutes on a sintered funnel. The reaction was gently mixed using a rotary motion so to not break up the resin for 3 hours. The beads were removed by filtration and then the flask washed with 2 x 10 mL of MeOH. The beads were then washed with 3 x 30 mL fresh MeOH and the solvent of the filtrate was removed in vacuo. A small amount of diethyl ether was added and the product began to crystallise. The solvent was removed in vacuo and the solid dried in vacuo at 45 °C for 4 hours. The product was broken up and further dried under high vacuum for 72 hours to give the title compound (1.10 g, 98% yield) as a crystalline white solid. 1 General procedure for the thiol promoted addition of hydroxylamines into nitriles To a suspension of the appropriate nitrile (1.0 equiv.) and (R)-1-(3-(aminooxy)-2-hydroxypropyl)piperidine hydrochloride 16 (1.2 equiv.) in EtOH (0.33M) in a microwave vial. Triethylamine (3.5 equiv.) was then added followed by thioglycolic acid (1.5 equiv.). The flask was sealed and the reaction mixture was stirred at 85 °C for 24 hours. TLC (20% MeOH in DCM) showed no SM so the reaction was allowed to cool to room temperature. The solvent was removed in vacuo and the crude reaction was purified by FCC on a Biotage Isolera using Biotage Ultra SNAP 30 g C18 Si eluting with gradient elution 2-100% H 2 O:MeOH with 0.1% NH 4 OH modifier. Analytical data of the products was consistent with literature and/or previous samples synthesised above. mCPBA oxidation with methanesulfonic acid leading to oxidation on piperidine ring -
(R,Z)-1-(3-(((chloro(pyridin-3-yl)methylene)amino)oxy)-2-hydroxypropyl)piperidine 1-oxide -18
To a solution of (3Z)-N-[(2R)-2-hydroxy- Procedure for the conversion of (R)-(+)-Bimoclomol 1 into (R)-(+)-Arimoclomol 2
To a solution of (R)-(+)-bimoclomol (61 mg, 0.21 mmol) in acetone (2 mL) was added benzenesulfonic acid (33 mg, 0.21 mmol). The reaction mixture was stirred at room temperature for 1.5 hours. The reaction mixture was concentrated in vacuo. Separately to a suspension of hydrogen peroxide-urea adduct (39 mg, 0.41 mmol) in acetonitrile (6 mL) at -5°C (ice-salt bath) was added trifluoroacetic anhydride (58 μL, 0.41 mmol) dropwise. A suspension of (R)-(+)-bimoclomol, 1, benzenesulfonic acid salt, as made above, in acetonitrile (3 mL) was then added dropwise to this solution. The reaction mixture was stirred for 18 hours, whilst slowly warming to room temperature. Aqueous Na 2 S 2 O 5 solution (0.5 M, 1 mL) was added and the reaction mixture stirred for 1 hour. The reaction mixture was made alkaline with NaOH (7 M) and extracted with DCM (2 x 30 mL). The combined organics were washed with brine, dried over MgSO 4 , filtered and concentrated in vacuo. The residue was purified by FCC on a Biotage Isolera using Biotage SNAP 10g Si cartridge eluting with gradient elution 0-35% MeOH in DCM to afford the title compound (35 mg, 55% yield) as a colourless semi-solid. Analytical data of the products was consistent with literature and/or previous samples synthesised above. 
